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RTHEIE LA, ERLEFRNGET ZXERTALE — AR LEBEIR, 2EKISEREILT4 A
ERERE. RRRE S FHE, 4R TR —MHEAFTH@BET TN, L4FER2ARBMENE R T AR
YA g R E AT B R A, A HE RRAUE BT A B R N, ARRARS OIERE Y], AT H
ETHEHRRORERRREIRE, EMHEaBREEFG. LERBRFEAHBEITLEETEZ/HARN. K
LR T AT R IE B L B BRI . SRR R AR P TR, AR
J 8 Sk IR 09 5 T8 AR—AE FF 69 B Fe K,

KR ST MbaBEESMG; KEWMK;, SAME; B

Regulatory mechanism and research progress of ferroptosis

in intestinal diseases

CEN Yi', WANG Tiantian', GAO Xingjie', ZOU Zuquan’, ZHANG Jingjie'*
(‘Department of Food and Drug, Ningbo University, Ningbo 315000, China; “Beilun District Center for Disease Control
and Prevention, Ningbo 315000, China)

Abstract: The intestine is not only the main digestive organ of the human body, but also the largest immune
organ of the human body. In recent years, the incidence and mortality rates of intestinal diseases are increasing
constantly all over the world. Although the commonly used clinical treatments can alleviate the disease to
some extent, almost all of the treatments have disadvantages such as poor efficacy and many adverse reactions
after long-term application. Ferroptosis is a form of regulatory cell death, which is mainly characterized by
excessive accumulation of lipid peroxides and lipid reactive oxygen species. With the deepening of the
research on the mechanism of intestinal diseases, more and more evidence has shown that ferroptosis plays a
part in the occurrence and development of intestinal diseases, and plays an important role in intestinal ischemia
reperfusion injury, inflammatory bowel disease and colorectal cancer. This paper summarizes the regulatory
mechanism of ferroptosis and its research progress in intestinal ischemia reperfusion injury, inflammatory
bowel disease and colorectal cancer, and provides new theories and strategies for clinical diagnosis and
treatment of colorectal diseases.

Key Words: ferroptosis; intestinal ischemia reperfusion injury; inflammatory bowel disease; colorectal

cancer; regulatory mechanism
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B A iGN, BT A R B A I 215
FVR B S50, il sem i Rom 2Rz 4 BT, 45
FU A8 B0 KA B LE WL A SR 9T 5T
LA iz T8 3 B RO R FBE TS 28, 2 3T 2
By, HAET, F0EIE R a7 o XA
FEFRYIRMZGYET, RETULE—EREE L
RIRFTRE , (EANAETEIT ORI . A RN £ %5
SR o PRI, FRZ B IR T R 0T DN g 3
TR FIVE 97 PR AR SR

T PG P AT T s A T AE AR I AR K R
BiEEY, EAEFEYRRES T HRE T2 RHE
LER, HHSEBRMRERREVIMEL, H
FEEAXOFERET. ET0 WIEA AR, 2
T2 DixonZ5 1 F201 24F B YRR Y 10—l 784 18
P AL TR 20, HAE TR & A A 07 T A
AT HAhgn b TN fETRESS T, 2Rt
T BRI R SR A I BE IGO0 2R R AR U Dk 2D B
W RRIARAMERE R . B E T, BT
TCEERICNEE TR IG5l &S e LL g
s R . BEE AR EN, SRBERIET:
TEZ M R A R R it B kP EEAEH,
PRZIRAT M R . O L R 51
R R 22 T TR B, RSB T AE Wi e i AR R
NPy EE A, Kb, [ EEE T B 8 R
A FH ML XS i 38 2 3 IR 6 B B .
AR SRR R IE T I 4 AL ) % AE i 1 5
VERUS < 0E T g i AN S B g R B TR
B AE 8 W 18 5 2 R B AR B i 5T 0T I AR T
S

1 RATRENS

BRAL T R AL 1 731 HIL 1) 2 AR A4 B 9
XL A RE RIS i o i 1 SR 2R
16 RR . BN 22 AR I 17 B8 1 D OB HE SN iR 5T
TR R, T v T R AL R 2
AR IR U TEETR BRI, M SRR, X
TR B 2 A R E E RS, A S I A
MEAS A H#4(acyl-CoA synthetase long-chain family
member 4, ACSL4). % bt H ik id % 1 i 4
(glutathione peroxidase 4, GPX4). ZkALT &

1 1(ferroptosis suppressor protein 1, FSP1)F1 =7k
TR 5 4 IR 1L /K i B 1 (guanosine triphosphate
cyclohydrolase 1, GCH1)%,
L1 $RIE T 585

BRARCH R AL R 0 R AR R E T S R
BRIOSEN . R 5 228 T #m A O A
PR IR BR L0 B B 1 (Fe™ ) A =M 8k 10 7 (Fe™)
M RAFE, BERANNFS 1+ M=
BB, Il I e Bk R A s B .
NPT BB EAZBIGETLRE &Y, £
B AR R RENAZ R . 3 NI P9 P i 41
HR6 IR 5 I I i 371 )53 (six-transmembrane  epithelial
antigen of prostate 3, STEAP3)itJ5 NFe™, BEJo
Fe’ Mt — il M &8 2% 7415 8 1 L A7 7E 4
P 5T B AR E Bkt b 4 P BB T DLBR A AT
HAEAMKIERGAE, OFEkEARED K
(ferritin light chain 1, FTL1)5%k&E A EZL k]
(ferritin heavy chain 1, FTH1). FTL1/FTHI1#]
B W R AR, A TTRE O B Fe™ . 40 i 1 Vi
BFe’ WA NFe, JIBIL A ks
Azt an i .

IEFABRE T, ANENATEAYER B 2h &
S, MRS O R, Fed ELUM N AR .
an, Chen5"UR I, 5 T 45 fig 9 AR 2 /N BRI
G i 2 h BRSO R B n . AR A R
BB e R &% S AR AR R SE T, X2 h
TF R N2 A AIEE R4 7, Boe g AR
T R R T SEUBE) ROV A, (RBE T B S A A
M I, Fe i Ak 2R B AR i AR 2k
(- O)MEFEH (- OH), S5EF ALY
AR K B IR BTG RS, B2 S I R AR Bk A
T2 R, AR R A Rk B YA T A Ak
FETALH A B R R, BRI AR DR R T B K
NIE IR IR TT T AEAE 1
1.2 KR T HEREEERER

FE T8 i R A i o i S AN 2 15 3 R BE T ) R B
LR, HEZMERAWENSS. Kb, g
1 22 AN RLRI T 077 198 o A= T A ol o B Tl g 0 2 79 A
SRR, ol i ACSLARN I 5P AR ik L 4 72 i 3
(lysophosphatidylcholine acyltransferase 3,
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STEACTIE

’/]Q%Hﬂi(ﬁ%k%%ﬁ’@
Jf

ZAERENTR— M%ﬁ@@mni Yr—> BEREBE B —> [ ‘ﬁﬁ WEAD

NADP)*  NAD(P)H
(SHmS LR )

maiwwﬁi%"}% &

=y
P
NAD(P)* NAD(P)H

RETE MR

ALOXI15

1 SETIETHIE

LPCAT3). 4%, ACSLAMEALZMNM P 5 1 2 A
TR G 7 TR 2 R S A B AT AR, SR JiE A R T
F A AT A D AE LPCAT3 1) 75 B R i 4k R % P 1k
CTERE, FREA BB . RG24 A L1 B
& B% < BE i AE A6 AR VUM R - 15 - 5 n e
(arachidonate-15-lipoxygenase, ALOXI135)If#ELT
A e Bt E A I(ROOH) ! )5, A= g o
A TENF B P ALE R R, & 250 I N AE
BB AR, A AR AR AR T (512) .
Wik, M FLPCAT3, ACSLATEREEIET:
H VR T SE Dy oest 7, Rk, s ACSLAT
P BN P ACSL4 3k Al i 2D i Jod ik 404k P 1) A

AL ERPA50; NADPHEfLEE;
ZAMAFRIER B 2Rl HIESEILE
¥ N\

- Oz Q,

e Y = F
SRS

H,0+0, H,0, - OH+OH

ACSL4; LPCAT3; ALOXI1S

RH+O, E ROOH RO - +OH

B G AR

ROH+H,0

E2 BREUEMERIERR

B, AT IS0 MR BT, AT OB AL T A5G (1) 5
TR T YA VR TT R AL

1.3 ST SERIEHEENER

1.3.1 Cystine/GSH/GPX4i# 7%

System Xc & — I ISR K ET K G111
SLC7A11)f1
IR AR K3 AR 2 2 (solute  carrier family 3,
member 2, SLC3A2)ZH i i3 ) 435 2 11,
System Xc HE N FA AR 5 ML Z R (Cystine) 55 L
Bz e, ML ER AT 7E System X /EH FHEH &
Magb, TR E H A ) JhE 20 Bt v] AR AR R g 2
WA, SR SN it 2 1R o I i £ e 1 B il o =
e, FH L& Bk 7 24 Bk H K (glutathione,
GSH). GSHZIHIERIL TR T, REiEkR
HEH 2 I 2 R M P A1 A8 R T, TR 2
AN EE AL . GPXAE —Fl & il i) iR ik
SAALEE, BERSMELGSHSTE AR, A L
TR H Ik (oxidative glutathione, GSSG), [R]H K
AW A T IR o SR AR 5 D T B 1 2R IR
FE(EI 1) GPX4%'JH%ﬁ@ﬁiﬁ‘ﬁTﬂTUﬁ%ﬁ"ﬁ%i;
AALY), I RT DR W S P A e i U R, IF

(solute carrier family 7, member 11,
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2 R 200 P P i B BUZ R SR Qilang 25 R R,
T HE B SLCTA IR K 7K 1w LA 1) 241 fifo 42k 5t
T2, HLB kIS 5RO B i F v 51k 6 2k il 3
. k2, MH#ISystem Xc i M Al i@ Jkob b 2 2
PRI, MRS IGSHI A R, FEIGPX4TE 1[4
ik, FFHEAT4E A R 71 NI, MRS PR AR
R, HAF I, Hik, SLCTAIIFIGPX4
1 g 5 3k S8 Ak 4 F A BRI 7 BaR  b 28 O%  E  4
Fi, SR SLCTALLFIGPXA K iE M ik 2
R ERBE TR DIBI0 IR T S
1.3.2 NAD(P)H/FSP1/CoQ10:# #%-
NAD(P)H/FSP1/CoQ10if % 55 #. 74 [ Cystine/
GSH/GPX4i@ i B A B AN FAVEH . BersukerZ:
) FH 4= FE K 4L CRISPR-Cas9ffiif & B, FSP12& 40
BRBET I B 4 55 . FSPIAE N — R EALIE S
FENAD(P)HIW A5 TR 4 M5 _E (1972 B (coenzyme
Q10, CoQ10)ik 5 Mz ¥ (reduced coenzyme Q10,
CoQ10H2)(E1). CoQ10H2/2& —FiiFi etk & H
FEPUEALT], AT LARH Ak g B A IR R
M PR FET: . DollZE >R I, R FSPI
SR DT A o i O € N 1
i EIHFSP1ZRIA Al DL #41X — Bl % . Bersuker ™Al
Doll ™45 (1) R IR R HL B T AATTXHERBE T (4% 45
AT, AEW] T 0 GPXATE ME AL SRR BT T A e
—I&fE, MHIFSPIRIEIN i SUIMEkIET .
1.3.3 GCH1/BH4/DHFRi# %
GCH1/BH4/DHFR & — 2 MK Hi TGP X4
PRI PUEAL B R (K1) KraftZ: P RISoulas *ohil it
4L K 4H CRISPR-Cas9¥fiis K., GCHIRZILT:
R . o, GCHIZ & kDY & A Wy it nd
(tetrahydrobiopterin, BH4)FJRRiEN . BHA/E N—
PP A AR R MR B IE T ME R, B RIsiEF
1l 75 B — A FR I 5 ¥ (dihydrofolate  reductase,
DHFR)[)Z 5. IHIDHFRIEM:, 7] ¥) 7 GPX441)
A SR A ESIET . A, BHAKE W] L@
W 2K N RIR B A R B R R AR HE CoQ 1O A 1, M
MR SEPUEAAE R, Wb i o S A 1 A B
AT 45 b, 4kGPX4MIFSPLH,
GCHI1 4 R P2 MR 2 A T2 #E 55, {HGCHI1/E
BRE T B AR 1 A SR BEAE IR T B —

5.
1.3.4 DHODH:# 7%

A A TBEBRM AR (dihydroorotate
dehydrogenase, DHODH) & —FhZFi A A I, 2
55 e A 1 W A R I M Sk B SO o e 4 L R T
PRI TR K EZE R, BT ADHODH % 1E v
REVRITHE M. — I 50 W], DHODHI@ L P[]
AR N NGPXAK MM H I CoQ10IE 5 K
CoQI0H2, Aels /b dpi A E TR ML, M
ML T (B DY, H, FIFDHODHM 5]
brequinar i] A 1| GP XL KA R 40 B 3G 5, A
M ZE I RE K J& , 1T Fsbrequniar 58312155 S 7A)
Gt i Nk g BE FH B YR 9T GP X4 R 2k i A
71, FWIDHODH 5 Z ki & N K1 GPX4 5 A A i
FfEF . HET, DHODHH# 7 A £ it 24 it s &
B JRAHEEIR R )z 5, Kitk, DHODH#
1) 771 368 o 15 5 e 4 R R BE T AT B DR JRRE (VR T
HEHT IR S

2 SRILTHBFERR

2.1 SR T FNAFER L F R

Jigg w1 P RE VE #5475 (intestinal ischemia
reperfusion injury, IIRI)&mHEI0G. 5 MM
SUEM RIEEL /)N G A g 1 A A S e 5
AT E I AR . TIRTA R L g i 3 I v 1 18
Wi, DK A A A 7 B Ot A P I 4T B
WSO B A S R B 3, T3 B0 B 4514
FWOE RV T, 5 bR g A A b B
B, B & AR T 2 S BRI E B E A, W
[ 98/ By b Bz 4 B AE T A2 B TIR I 25 220 55 77
] o i 5 X 4 B AT T OBCR BRR N R AT,
ZFE R, BAET IR - R 40 A0 T i &
B — WKL, BAURIP/NEE R4
M GSHE B MGSH/GSSGEU A %, BRatT: ekt
45 K GPX4MIFTHI I mRNAFI & [ i 1B KT
N, ERSE T AR IS IR ARG -2 B A TR IA K
FETE, HRATEERIFS WK E TR, I HA TR
T ferrostatin- 1 7] 25035 /)N BR T Az B 100 P72 73 45
100, FBABRAET NIRRT I EEIER, $oR
HIBRAE T AT RE S 16T IR — AN B s . Ligsl ik
—3HIFSE, RN R A NRGEFE A i b R 40 i % Ak
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TR, WU, FEBIL/N B W bR A
HACSLAM) A B R IE K& &1, 1
GPX4MFTHI K & H B Rk KBS, [R GSH/
GSSGLUE FFEAK. BhAh, 37 5 AL 7 B AUE Fl fe 2 B
WasE R IR, BRAET R AR AE B I 1 5B B
BBE T HHH 7 Liproxstatin- 1 A 18 i 1l £k S T 3k 42
NRIG| I &40 . 2B MG 0 1 i 4 2300
BRAC T B BURYE, SR BT LR T bR gE
RAEBIET: . IiE, ZhuZ RIS/ R
JVy T8 20 23R AR R B T 3L 3R 0E B KT T A O A
R, FFMe 13N 1- 2R -2 2% . Xt —2
78 7RI S5 EIET-HH O H 20 F 0L, T
HRIPIELE AR T 26K . IR — M E IR %K
WO, ISR EAREEATNIIRIEAT T RE MW
Fo, EXTHVGRE TRIgM B . Bk, IRAR
FRICTAENRIT R IERE NS 2 CEHEE, DLk
WEFCUER , BRBE T4 SRR IR |2 1) i i 452 45
BRYEA, (HHBPR TS5 B, AR N
FIEPR, AT IR R AE T 0 I R R I R 441
T — 5.
2.2 SRR TFRERGR

JNE M 97 (inflammatory bowel disease, IBD)
ALFEIR 7 ME S5 W %% (ulcerative colitis, UC)FI % B
i, R—FENE. BRME. RAEMMIEENR. &
ok, IBDRAAZAEH FG B N RSN, B
) A 3 o AN By O fi R 52 31 B 45 4%, {HIBD
£ 995 BRI RTATL ol i oA 5 4 B B, 38 4N O S gt A%
H&. BEE R, Wil bR RFEZE . WiEmsE
W 25 T R g T e I A5 TR 3R MR ELAE A
HAl, X IBDIIME G254 F 22l Bk R
F SRR, R B YR T
A E R, JFEAMAHEA R XN R
Y, Rk, @0 FIBDR RIS HLEI AR TG
B IT iR R BE . IR KRR Sk R
B, TEIBD 3 98 0E 26 RN 45 I 98 1H S 36 Bl A Y
d, B bR AN R I BB T A SE AR AE DY,
XuZEPVR L, UCH & FMUCHIEL /N B B b 4
Mo, BRBETSHIAH G IR R R AR T R AR AL, R
P IS SRR K 3 Ty, FTLAIFTHI
RIEAKF EIA, I HBAET-#%)] 5 Ferrostatin-1 41
FRME AT DR UC/N BRI R o b Ah, 3B S

U M %% B U CHEAS 1 i b Rz 4 i v 2R 4k =%
g, ZKRIEECD, X5 T KB FRAE—
o CuiZ I AEYE BB ANE S AR
NP — 5 R LT MUCIFICD44/2UCH k5t
TR AR R o st m] L, R B0 T AT
IR/ b Rz AR B AR TS W] RE 2 VR T UCHI A UK IS
YENIBDH I 53— MY, 5 % B g A B Bk
FET- ARG . XuEAE 7 B SR 25 o AN v 2 o A
RN RS REA T R BL, ACSLAMFTHI 2 1
JRFIB KT RE LR, MIGPX4MRIAKFRET
W, Nl A2 S EE I, JFE
Ferrostatin-17] DL 2 82 fif 5 %' L5 /)N BRI AR
X LORIE LI [F] SR 1 kAL T AEIBD A B 1
SRR, USSR IE T AR TR AN T A g 2% R
HAEBEXRME . /M, KT SIBDIIHF
hsRE D, Rk, PR FCERIE T /EIBD H A H
HUH, TTREA BYT 1% B IBD s BN AL BEALH], A
o TAE ST IBDHE (L5 5 1
2.3 R THEEHRE

45 H 79 (colorectal cancer, CRC)&4ERZE —
RBOULREAE, BHERY, 2020494 5 NSET 4
st 25 B e I K Va7 R 2 % RHR AR
J7, EEAFENEHGIT . ANVEHE T FR0T & 7
o ARFINELT RIGIT 56 AT 1 B3 00 W k%
7 T MEE R YT, ABRYT A AE R FEEIE
PEE R RS ) B f@ RE, I H 4 E R
B AT AT M. KREF TR, i
SERBE AT BE S R FECRCHH A I B AR HE o Sui
SR, RSL3ME R WMGPXAMEYE, 55 =Fh
ANF I CRCH bk K A BRFE TS, AT i CRC
MK . Park®EU BRI, W EAQ
BT LB T ACSLAM R IL, ¥ FKrasRAE
PICRCHNM R AEBRIET: . FFH, AWK,
talaroconvolutin A. Albiziabioside AF/1Tagitinin C3%J
AT I TR AR T SR A ) CRC 4H i 33 5 A i g T
R, XK, 5 S CRCANIIAERIET 7T AE
T4 H s IR IT Reg 2 — . A, A TR
B, 53 T 2 RO T Oy BE W 5 S A LR BB T
I H 597 253K 5 7T LLER 73 ik CRCXS AR ST 1Y
(R IE2TR e TR O 7R =R WS 8 G B 7oA 2 T
HEBRCRCHN H AT 254 5- 56 PR W e 1) AU,
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s Y B M 0 R G 2 5 BB BE AV 9T T LA ST
T2, RICEA RAKRASFEF FICRCH M, K7
B4R CHNVY 2 BTG & A8 AT BLS 3 2k 4t
To, MIMHEECRC B E X 259 1 UgrER" . ditk
AL, o2 R T o B A T 2 R O R
SKIEITCRCHE B 5 [ 2 —, (HFEEHEAW 7T+
25 RV B2 (R 5 R R R LA 5, AT
WEA TR CRCIyZ AR e . UL w5y
on, BILTSR LT FCRCI R &, HEFET: &
Al T HICRCHI TG 15 OL v AR B A . Hong
AU I B R R IA e B b AW E B2
MaFxtas, dF—L RN T OFEGPX4E N I8
BRAET A OCIER /] T Pl CRC I Pl 1 o IX
LRt 7 e [F 5 T ERAE T /ECRCH I E EAEH ,
LB S CRCANIE ST W RE/ECRCIBIT H B A
ER#E .

3 Mk

1M=H

VB — P RS Mg RSt TR, BRIET
O UE I E Z M R IEE EBEAEM . IRE
¥, FEATLESNIRI. IBDFICRCE g 18 75 (K
FUH, UF B R BE T 7 i 30 598 1) R AR R R J v R
PET AR B ER . 2 506 T CRCHIWT 5T 18
t, 7S CRCYIM K LI T BN CRCITIAYT
Hemgz —, HA 2 Bam e oy B A T 290 B
NAKIGIT CRCIE ETT ). SR, K TR 1T
HI BB, AR IRA IR S8 T T i b iz 4
WIFE T AT RE S VA YT IIRIFIIBD A Ak sims , HoAth ok
Ji IR 1 ) B S 5 5 R PE T Ok RIGA i AL

JUE 8 R 5 R BE T BT T 2 AR K
J&, (B R BT 7T 3 2@ i 3 ) GPX4 B System Xc
A 4 B Bk B0 T Rk B T Pl e i B Y, S
ZERIE T AR OG5 W 5 s 1) Ok R A 7 gk — 28
WR. LR, KIEEFESEAR, FREXT
BT 5 m IR AN, AR T
file 5 R B R R A R, B iR i e 1
BEE 2 T

2 E Xk
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